General screening of BRCA1 and BRCA2 mutations has been proposed for the Ashkenazi Jewish (AJ) population, in which 2.5% of individuals carry one of three deleterious founder mutations, [1] [2] [3] [4] and other BRCA1/BRCA2 mutations are rare. 5, 6 A population-based approach is also motivated by consistent observations that approximately 50% of carriers do not have a suggestive family history, 3, 7, 8 despite high risks for breast and ovarian cancer.
INTRODUCTION
General screening of BRCA1 and BRCA2 mutations has been proposed for the Ashkenazi Jewish (AJ) population, in which 2.5% of individuals carry one of three deleterious founder mutations, [1] [2] [3] [4] and other BRCA1/BRCA2 mutations are rare. 5, 6 A population-based approach is also motivated by consistent observations that approximately 50% of carriers do not have a suggestive family history, 3, 7, 8 despite high risks for breast and ovarian cancer. 7 Carriers identified can utilize highly effective prevention measures that significantly decrease morbidity and mortality, especially risk-reducing salpingo-oophorectomy. 9 BRCA screening in AJ thus fulfills World Health Organization screening criteria 1, 10, 11 and has also been shown to be highly cost-effective. 12 To examine the feasibility of BRCA screening for AJ, we performed a BRCA screening-implementation trial. 13 Before testing, participants received written information without traditional genetic counseling and completed a family-history questionnaire. After testing, in-person genetic counseling was provided to all carriers as well as to all noncarriers who reported a significant family history. Noncarriers without a significant family history of breast/ovarian cancer received a letter summarizing results and routine surveillance recommendations.
In this trial, as in other population-based screening studies, quantitative analysis of psychosocial outcomes essentially reflected the experiences of noncarriers, who comprise the vast majority of participants. We identified 32 carriers among 1,771 trial participants (1.8%); carrier rates in previous studies of AJ ranged from 1.1 to 2.4%. 12, 14 Exploring the perspectives of carriers identified through general screening thus requires indepth qualitative analysis, which has not yet been performed in this setting. A particular concern is the response to unexpected detection of carrier status in individuals with a nonsuggestive family history, who would not have been tested if not for a screening program. Our aim was to gain a deeper understanding of the experience and concerns of screened individuals, both carriers and noncarriers, in order to inform the design and delivery of future population screening.
MATERIALS AND METHODS

Participants
This qualitative study was approved by the Shaare Zedek Medical Center institutional review board, and participants provided written informed consent. Participants were recruited among those in a trial of BRCA1/BRCA2 population screening for AJ. Screening trial participants were either self-referred or recruiter-enrolled and were tested for common mutations (BRCA1-185delAG (c.68_69delAG), 5382insC (c.5266dupC), and BRCA2-6174delT (c.5946delT)). 13 Interviews were offered to all carriers identified in the screening trial as well as to noncarriers from the same study. Purpose: Population screening for BRCA1/BRCA2. mutations is being considered for Ashkenazi Jews (AJ) because 2.5% carry recurrent deleterious mutations and effective cancer prevention exists. This study aimed to provide a qualitative focus on perspectives of individuals, particularly carriers, who were tested through a screening trial. In this trial, the pretest process included only written information.
Methods:
Interviews were performed with 26 carriers and 10 noncarriers who participated in a BRCA population screening trial for AJ.
Results: Attitudes toward screening were generally positive. The main motivator for testing was knowledge of BRCA status to enable cancer risk reduction. Knowledge of carrier status, although challenging, was thus viewed as health-empowering. The screening paradigm was sensed as increasing awareness and as overcoming access, referral, and familial barriers. Streamlining the pretest process was positively perceived as offering gradual, stepwise knowledge commensurate with test results. Participants were concerned that health systems provide the necessary conceptual and infrastructural framework and that individual autonomy be maintained.
Inclusion criteria in the screening trial were AJ ancestry, age ≥25 years, no cancer history, no previous BRCA testing, and no previously known familial BRCA mutation. Family history was classified as having no, low, moderate, or high likelihood of hereditary breast-ovarian cancer, as previously published.
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Interviews
Interviews were semistructured; the structured component included questions regarding interviewees' opinions about population screening, the streamlined screening process versus traditional in-person pretest counseling (which they did not experience), satisfaction with the screening process, and whether they would recommend screening to others (Supplementary Table S1 online). Interviews were conducted 12-18 months after test results, lasted approximately 1 hour, were audiotaped with participants' consent, and were transcribed verbatim. Transcripts were qualitatively analyzed using Atlas.ti for recurring themes within interviews and across groups of respondents. 15, 16 An inductive, grounded theory approach was preferred for this study because this group has not been extensively studied and their numbers are currently small. See Supplementary Information online for details.
RESULTS
We interviewed 26/32 (81%) carriers identified through the screening trial. One had died, two were inaccessible, and three refused (no reason was provided). Sociodemographic characteristics were similar in interviewed vs. noninterviewed carriers ( Table 1) . Family history was moderately to highly suggestive of hereditary breast-ovarian cancer in 15/26 (58%) ( Table 1) . To assess noncarriers' views, we initially contacted 13 noncarriers; 10 consented and 3 refused to be interviewed. The emanating themes and attitudes regarding population screening and a streamlined testing process were similar for noncarriers and carriers, except where noted, reaching interpretive saturation for these topics. Noncarrier interviewees were sociodemographically similar to carriers, except for being somewhat older ( Table 1) , reflecting the age difference between carriers and noncarriers in the entire study. 13 Although respondents discussed a host of issues related to risk, identity, and autonomy, we focus here on themes specific to population screening and a streamlined testing process. Quotes are from women participants unless otherwise indicated.
BRCA screening: general attitude and motivation
The majority-21/26 carriers and 9/10 noncarriers-expressed unequivocally positive attitudes toward the genetic screening process. The remainder had both positive and negative reflections, as detailed below. The main motivator for BRCA testing was ascertainment of genetic status. This was perceived as the major benefit of testing, enabling accurate risk assessment and guiding subsequent medical actions. All post-childbearing carriers interviewed had undergone risk-reducing salpingooophorectomy. BRCA screening was seen as an opportunity for gaining personal knowledge, whether or not participants were previously concerned about breast cancer in general or their family history in particular.
"Breast cancer has always been on my mind. …I see people getting it…I want to know what my chances are…if there are ways to protect myself...I always want to know as much as I can. " (31-year-old carrier, low-likelihood family history)
Overcoming access, referral, and familial barriers Some themes were specific to participants who had previously considered or attempted BRCA testing because of suggestive family history. These participants regarded the screening paradigm as a solution for bureaucratic hurdles: "I call Hospital X and they say-call your HMO clinic. I call the HMO clinic, and they said-go to Hospital X…" (32-year-old carrier, high-likelihood family history, describing 2 years of unsuccessful efforts)
A 28-year-old carrier with a high-likelihood family history who was unable to obtain insurance coverage for a long time said "The whole testing issue was ultimately forgotten. " Her sister-in-law urged her to be tested: "'They won't cover it' , I told her, what can I do?' . She told me about this study...and this is how I…had the test. "
Restrictive family history-based referral criteria precluded testing for some participants, even those concerned about their risk.
"My family physician...and my Ob/Gyn didn't refer me… When my mother had melanoma we asked the doctors if we need to do the genetic test. They said no, it's unrelated, it isn't familial. " (38-old-year carrier, family history of nonspecific cancers)
Many respondents discussed the implications of requiring cooperation by affected relatives and recognized the advantage of circumventing this prerequisite. there is no need to test. " A male carrier said his physician told him that BRCA testing was "unnecessary" for men.
Some care providers were not supportive of risk-reduction measures in carriers, particularly those without a family history: Public awareness was viewed as important but currently insufficient. Lack of awareness is not surprising in participants whose family history does not meet current clinical testing criteria. However, seven carriers who were aware of having a suggestive family history said they had not known about BRCA testing.
"I saw the study poster downstairs and decided to come. In a way this was a coincidence. However, the poster spoke to me, since I was already concerned….I have a lot of cancer cases in my family, but I didn't know about specific mutations. Not at all. " (53-year-old carrier, moderate-likelihood family history)
The screening process was viewed as increasing both awareness and access:
"By chance I was available. …That saved me…It was divine intervention; if I hadn't been tested it could have been found too late. …They should go from woman to woman…so more women know and understand. Those who don't want to will not get tested. ...just like mammography is important, perhaps being diagnosed as a carrier is even more important. " (66-year-old carrier, moderate-likelihood family history, enrolled at a mammography center)
Coping with knowing
Five of 26 carriers felt ambiguity regarding BRCA testing. For four of these five, carrier status was unexpected because they had no significant family history: "I think I should say [the genetic test] is a positive thing, there is no choice, I need to answer from my head. My heart…it doesn't want to know too much. " (53-year-old carrier, low-likelihood family history) "What I know may have helped me…but [consider a] woman who doesn't know yet. She can't be helped, but maybe she doesn't need this help and meanwhile she lives peacefully…no MRI or mammography every 6 months, no oophorectomy. " (47-year-old carrier, no family history) Information regarding cancer risks can cause anxiety and stress in carriers, regardless of the counseling format. We observed a wide variety of emotional responses in carriers. Some reflected awareness, but not anxiety:
"It didn't make me stressed or anxious. Look, I am now more aware of little things-I need someone by my side…it has some implications. Even for entering a relationship...straightaway I said I would like an agreement that this does not obligate [him] in any way. It got me thinking about things that I hadn't considered so much before." (60-year-old divorced carrier, no family history) Likelihood of HBOC was assessed using family-history questionnaires as previously described. 8, 13 Volume 19 | Number 6 | June 2017 | Genetics in meDicine Some carriers expressed general anxiety concerning themselves, relatives, and children; however, this was not perceived to have reduced their quality of life and they remained satisfied with having been tested. Two women carriers, both single, with no family history, expressed significant anxiety:
"…When my friend told me that I'm a time bomb, my life changed…Ever since, I started having stomach aches…I was in unbelievable stress. " (54-year-old carrier, low-likelihood family history) However, this was the only respondent who was unsure about whether she would still have chosen to undergo BRCA screening. The second respondent who expressed significant anxiety, nevertheless said that a year after being tested she realizes that the test was a good thing for her. Irrespective of their personal reactions, all respondents noted the need for post-testing psychological support.
Health-system implications: routinization and preservation of autonomy
Many participants suggested that routinization of genetic testing could overcome medical and social barriers:
"This test should be done by the family physician. When you come he opens your file and asks-were you tested for BRCA? It should be as simple as that. It seems basic. " (32-year-old carrier, high-likelihood family history).
"If it becomes commonplace, it will be seen as simpler, nothing exceptional-you can treat and prevent. " (60-yearold carrier, no family history) However, routinization was also recognized to have consequences for both the health system and individuals. Respondents commented that health systems would need to accommodate a much larger number of carriers and to address gaps in care. For example, a few carriers mentioned that even in multidisciplinary carrier clinics, psychological support was insufficient. Another concern was preservation of autonomy and personal choice despite possible routinization. "It's a very personal decision. You may offer the test, but with no pressure. " (33-year-old noncarrier, high-likelihood family history) "Anyone who wants [testing] should have the option… and anyone who doesn't want it, it's OK, don't do it. If some people know they can't [handle it], they shouldn't get tested. " (31-year-old carrier, low-likelihood family history)
Attitudes toward a streamlined pretest process
Perceived advantages: "stepwise knowledge". Fourteen carriers were asked to indicate which pretest process was preferable: conventional pretest counseling or the streamlined pretest process implemented in this study. Eleven stated preference for the shorter process because it offered just the right amount of (rather than "too much") information at the right time (rather than too early).
"It isn't necessary to start with all the details, because you can't comprehend them. After there is a positive resultthen you should receive full explanations. " (66-year-old female noncarrier, high-likelihood family history)
This preference for circumscribed pretest information did not reflect disinterest in knowledge of genetic status. The general importance of knowledge was voiced by 23/26 carriers and by all noncarriers. Phrases such as "blindness" and "burying your head in the sand" were used to criticize people who do not seize the opportunity to know their genetic status. Respondents noted they would not have paid real attention to more detailed explanations at the time of testing. Excessive pretest information was viewed as unnecessary and possibly burdensome, causing untoward anxiety: "looking for trouble" and "making people anxious about something they might not have. " This would potentially prevent participation in screening, which respondents viewed as important to promote. Participants advocated stepwise provision of information, with detailed information given when it becomes personally pertinent, following a positive test result: "I can now take more precautions and make sure that I don't get something bad…For me, the way in which it worked was terrific. Why 'put a healthy head in a sick bed' [worry about something before it is relevant] to begin with? All the information I needed, I received with the results. " (37-yearold carrier, moderate-likelihood family history) "There is a big difference between someone who comes for counseling because they think there is a genetic problem and want to make sure [they know everything], and someone going for screening. [For screening], limited information is sufficient-if you want to learn more, finding information is no problem, we're flooded by information. " (59-year-old female noncarrier, low-likelihood family history)
Concerns regarding the pretest process
Six carriers (four with little family history of cancer) said that they were not fully aware of all implications while deciding whether to agree to be tested. However, this was not viewed as something that would have changed their decision to be tested, and only two suggested that pretest counseling should be provided.
"What I had was okay. Would I change it…maybe to read and understand more fully. Maybe then I wouldn't have taken the test? But I don't think all this [information] is so relevant beforehand. " (31-year-old carrier, low-likelihood family history)
The two carriers (one with and one without a significant family history) who felt that pretest genetic counseling should be provided, said it was necessary for two reasons: to enable a fully informed decision and to ease coping with positive test results. These two respondents offered alternatives such as pretest group counseling and an explanatory video. Carriers met a genetic counselor only when they received their test results, and one respondent criticized the post-test session as lacking the familiarity that would have accompanied meeting a counselor who "already knows my story. "
Among noncarriers, 4/10 said that although they were satisfied with the process they underwent, there should be more emphasis on explaining testing implications. A 30-year-old noncarrier with a high-likelihood family history summarized her conflict regarding pretest counseling:
"What I had was totally fine, but apparently there is no perfect [solution] . To sit for counseling before the test with all this data-it's too burdensome, I think. On the other hand, the written form, it's too vague. "
Recommendations regarding population screening
All the respondents except for three carriers said they would recommend general BRCA screening for AJ. Two of these three carriers, although satisfied with their own decision to be tested, would not recommend general screening. One did not feel qualified to provide an opinion because he was a recent immigrant to Israel. The second explained that although she tells others of her own positive testing experience, she does not feel that she can make recommendations for others. A typical argument voiced by respondents was that BRCA screening should become part of routine, age-related medical surveillance. Such institutionalization and normalization were regarded positively, as a means of reducing possible social labeling and personal stigma.
"If it becomes routine, it won't be so stressful because everyone will be having it…you won't be exceptional for having the test…it doesn't mean you are sick. I can only see the advantages. I don't see what disadvantage there could be to having a test that could save your life. " (59-year-old female noncarrier, low-likelihood family history).
DISCUSSION
In this qualitative study, we sought to explore in depth the experience of participants in a screening trial. We focused on themes specific to the screening paradigm rather than to predictive BRCA testing in general. Participants in this study-carriers and noncarriers, those with or without a suggestive family history-indicated high overall satisfaction with the screening process. Their main motivation was similar to that of individuals who undergo traditional clinical testing: [17] [18] [19] the desire to know their genetic status in order to reduce cancer risks.
Some themes were specific to those with a suggestive family history who saw screening as a way to ease testing access and dissociate individual testing from the need for familial cooperation. Other themes were universal. All respondents noted the need for post-testing psychological services. Anxiety and stress naturally accompany recent knowledge of carrier status, similarly to carriers identified through traditional clinical testing. [20] [21] [22] Although pathological distress was only rarely observed 13, 22 and remorse was very rare, there was a need for psychological support. Participants noted insufficient awareness and support by medical personnel at all stages of the process. Before testing, this was experienced by those with a suggestive family history as lack of referral or even discouragement of testing. After testing, carriers with sparse family history faced criticism for being "trouble seekers, " aggravating uncertainty about the meaning of carrier status in this context. 23 Participants indicated that routinization of genetic testing could resolve these issues. This would increase professional and public awareness and knowledge of testing and risk-reducing measures, creating a more informed and accepting environment.
Consistent with their call to routinization, the vast majority of participants-both carriers and noncarriers-recommended implementation of population screening. However, potential downsides of routinization were also recognized. Autonomy might be curtailed if genetic screening effectively becomes mandatory, as in the case of mammography, which is a healthquality measure in many countries. Health services would also need to rise to the challenge of a greater number of carriers, addressing their medical and psychological needs. These caveats are similar to those indicated by AJ BRCA carriers from families with low cancer prevalence. 23 We also explored participants' views on the streamlined testing process: pretest written information and post-test genetic counseling only for carriers and for noncarriers with a significant family history. Interestingly, streamlining was perceived as offering just the right amount of information at the right time. The bioethical literature on genetic testing has emphasized a dichotomous view of autonomy: choosing either to know or not to know. The findings of this study provide a more nuanced, contingent, and contextual articulation, suggesting a construct we termed "stepwise knowledge": participants felt that the knowledge/information necessary to make an informed decision to be tested is not the same as the knowledge/information needed after being identified as a carrier. In fact, this is the pathway familiar to patients and providers in most areas of medicine: patients consent to testing based on an adequate explanation of testing indication and rationale, but detailed discussions by the physician and further pursuit of medical knowledge by the patient are generally limited to those with a positive test result. Consistent with this framework, quantitative analysis of the entire screening trial showed that post-test knowledge increased in those participants whose test results had medical consequences, such as carriers and noncarriers with a suggestive family history. 13 Notably, concern with the lack of in-person pretest counseling was significantly less common for carriers (2/26) than for noncarriers (4/10). It is compelling to speculate that carriers dealing with the reality of a positive test result may consider pretest counseling as less important than noncarriers, who can only hypothesize about how they would have felt if they were carriers. However, we could not find any explicit explanations for this difference in the respondents' interviews. Previous studies found that individuals who used direct-to-consumer BRCA testing were unconcerned about the lack of pretest counseling, 24 whereas individuals who received pretest and post-test counseling for BRCA testing recommended receiving both. 23 This suggests that people may tend to be satisfied with whatever process they underwent, particularly if it was of their own choice. The familiarity of medical stepwise knowledge may contribute to the increasing popularity of direct-to-consumer genetic testing-tested individuals plan to seek additional information predicated on their test results. However, after testing, whereas direct-to-consumer can leave patients stranded, a screening program within the medical system can provide the necessary care and support. Such support has been shown to improve psychosocial adaptation of individuals with cancer predisposition. 25 Discussions regarding the psychosocial implications of BRCA population screening have been dominated by the issues of knowledge and anxiety. 26 For participants in the screening trial, both our quantitative analysis 13 and this qualitative study showed that although these are areas of concern, they are viewed as secondary. The vast majority supported BRCA population screening for the sake of risk assessment and cancer prevention. In this respect, participants had a clear vision of the major goals of a medical screening program. Such programs (e.g., mammography, fecal occult blood testing, cholesterol testing) are assessed based on their effects on morbidity and mortality. By contrast, where genetic testing is concerned, knowledge and anxiety prevention are often regarded as the primary outcomes. 27 This may reflect the history of predictive testing: for nontreatable adult disease (e.g., Huntington disease), the main testing outcomes are indeed psychological. 28 However, for medically actionable findings such as deleterious BRCA mutations, 29 health outcomes, including those of surveillance and prevention uptake, should be the primary measures of effectiveness. 30 Notably, in this study, all post-childbearing carriers interviewed had undergone risk-reducing salpingo-oophorectomy.
Psychological distress also accompanies positive screen results for mammography, fecal occult blood testing, or cholesterol levels. [31] [32] [33] However, this has not been viewed as an argument against screening, but rather as a stimulus for developing programs to improve awareness, education, compliance, and coping. 30 A BRCA population screening program should certainly aim to optimize the testing process, but surmountable psychosocial concerns should not preclude screening. Future studies could directly compare various alternatives, such as those proposed by the respondents (e.g., pretest group counseling, an explanatory video, and decision aids). 34 Limitations of this study are that it was performed in AJ, a community with a long history of carrier screening. "Elective" uptake of preconceptual genetic testing in AJ is exceptionally high and even perceived by many AJ as a moral duty. [35] [36] [37] The number of carriers identified in any screening program will be small, as is the sample size in this study. Participants were highly educated and health-aware, but are probably representative of future participants in clinical screening. 13 Reflections regarding health-system implications may differ in societies where citizens are not universally insured. Nevertheless, because BRCA screening is likely to first be implemented for AJ, the themes emerging from this study can inform the appropriate design of screening programs.
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